Mucinous carcinoma of the breast is a specific good prognostic type malignancy occurring in elderly patients. Neuroendocrine differentiation has long been described in mucinous carcinoma, but the significance of such finding is uncertain. We evaluated the neuroendocrine differentiation profiles of 38 cases of pure mucinous carcinoma and compared the clinicopathological differences between those with and those without neuroendocrine differentiation. The parameters assessed included patients' age, tumor size, nuclear grade, axillary lymph node status at time of diagnosis, percentage area of intratumoral mucin, and the expression of estrogen and progesterone receptors, cerbB2 oncoprotein, and three neuroendocrine markers, namely neurone-specific enolase, chromogranin, and synaptophysin by immunohistochemistry. Patients' outcome and follow-up period were also documented. Of the 38 cases of pure mucinous carcinoma, 28, 11 and six cases showed positive staining for 1, 2 and 3 of the neuroendocrine markers. For all the groups with variable neuroendocrine differentiation and compared to those without such differentiation, they all showed older patients' age, higher proportion of tumors with lower nuclear grade, lower incidence of axillary lymph node metastasis, a higher progesterone receptor, and lower cerbB2 oncoprotein expression. No difference was detected between tumor size, intratumoral mucinous area, and estrogen receptor status. In all, 37 patients did not have distant metastases or local recurrences at the end of follow-up period, while one patient with coexisting high-grade ductal carcinoma in situ at time of diagnosis died of breast carcinoma. Our findings suggest that the identification of neuroendocrine differentiation in pure mucinous carcinoma is associated with more favorable histologic and immunohistochemical parameters.
Mucinous carcinoma of the breast is a well-recognized specific type of carcinoma with good prognosis. The clinicopathological features have been well described, as small clusters of tumor cells, usually of low to intermediate grade, with abundant extracellular mucin accumulation. [1] [2] [3] The patients tend to be elderly, and lymph node metastasis is uncommon. Mucinous carcinoma has been grouped into pure and mixed types, with the former containing only tumor with the typical mucinous carcinoma morphology, and the latter mixed with conventional infiltrating ductal carcinoma. The good prognostic implication only applies to the former group. Neuroendocrine differentiation in mucinous carcinoma has long been observed, either by immunohistochemistry or electron microscopy. [4] [5] [6] [7] The significance of neuroendocrine differentiation in mucinous carcinoma has been controversial, with some authors reporting a difference in patients' age and prognosis, 4, 6 while other authors concluded that no difference existed. 5, 7, 8 In this study, we further evaluated the clinicopathological differences between pure mucinous carcinoma with or without neuroendocrine differentiation.
Materials and methods
The histopathology files of the two hospitals (PWH, AHMLNH) were searched for mucinous carcinoma, and all the slides were retrieved and reviewed. All the cases were either excisions or needle-core biopsies, and the specimens had been fixed in buffered formalin, and routinely processed and stained with H&E. During histological review the tumors were assessed for the presence of nonmucinous invasive carcinoma (mixed type), and these cases were excluded from this study. For the remaining pure mucinous carcinoma, the following parameters were assessed: tumor size, nuclear grade (low (1), moderate (2) or high (3)), the lymph node status and the percentage area of intratumoral mucin.
Immunohistochemistry was performed on a representative block for estrogen receptor (Novacastra, UK, 1:40), progesterone receptor (Novacastra, UK, 1:40), cerbB2 oncoprotein (Dako, Denmark, 1:500), neurone-specific enolase (Dako, Denmark, 1:250), chromogranin (Biogenix, CA, USA, 1:600), and synaptophysin (Novacastra, UK, 1:150). For estrogen and progesterone receptors, the percentage of cells showing moderate to strong nuclear staining were assessed, for cerbB2, moderate to strong complete membrane staining for more than 10% cells was considered positive, and for neurone-specific enolase, chromogranin and synaptophysin, granular cytoplasmic staining of more than 20% cells was considered positive. The individual patients age, follow-up duration and outcome (dead or alive, presence or absence of local recurrence or metastases) were also documented.
The difference between patient's age, tumor size, nuclear grade, lymph node status, intratumoral mucin, estrogen and progesterone receptors status, and cerbB2 expression between tumors with or without expression of each or combinations of the three neuroendocrine differentiation markers were compared using Student's t-test. Statistical significance is established at Po0.05.
Results
A total of 40 cases of mucinous carcinoma were retrieved, with two cases of mixed-type histology, and were thus excluded from this study. The 38 pure mucinous carcinomas were derived from 34 patients, with three patients having bilateral tumors and one patient having two discrete tumors in the same breast. All the four pairs of double tumors were synchronous. Of these, 27 tumors showed mucinous carcinoma only, and 11 showed coexisting ductal carcinoma in situ. The patients' age range was 35-101 years (mean 66 years) and the tumor size range was 0.4-11 cm (mean 3.7 cm). Mastectomies were performed in 36 cases, and biopsies in two. A total of 20 tumors were on the left side and 16 were on the right side. Axillary dissections were performed in 30 tumors, and it was not conducted in eight tumors because of coexisting medical conditions, or because of the absence of evidence of metastasis (normal imaging with or without negative fine-needle aspiration cytology).
Among all cases, low-nuclear grade occurred in 26 cases (68%), and intermediate grade nuclei occurred in 12 cases (32%) (Figure 1 ). In 24 cases the axillary lymph nodes were negative, together with the eight cases without clinical or radiological evidence of metastasis, this group accounted for 82% of cases, while positive axillary nodes occurred in seven cases (18%), with the number of positive nodes ranging from 1-13 (mean 2.9 nodes). Estrogen receptor showed some staining in 36 cases (95%), ranging from 10 to 100%, (mean 82%); progesterone receptor showed some staining in 32 cases (84%), ranging from 10 to 100%, (mean 60%). Each tumor was assessed as to the expression of each of the three neuroendocrine markers, and combinations of any one out of three, two out of the three, and all three ( Figure 2 ). The results are tabulated in Table 1 .
Of the 34 patients, six were lost to follow-up, and for the remaining 28 patients, the follow-up period ranged from 0 to 96 months (mean 28 months). All but two patients were put on Tamoxifen, and in addition, four patients had additional chemotherapy, two had local radiotherapy, and four had both chemotherapy and local radiotherapy. Of these 28 patients, one patient died of the disease after 36 months with local recurrence and distant metastasis. She had a coexisting high-grade ductal carcinoma in situ with 13 metastatic axillary nodes at the time of diagnosis. Two other patients died of unrelated causes at the age of 87 and 79 years. These two patients, together with all 25 surviving patients, did not have any local recurrences or distant metastases at the end of the follow-up period.
Of all the 38 tumors, 24 (63%), 10 (26%) and 10 (26%) tumors were positive for neurone specific enolase, chromogranin, and synaptophysin. Viewed from another angle, 28 (74%), 11 (29%) and six (16%) tumors showed positivity for any one of the three, two of the three and all three markers. For all the groupings, the mean patient age was higher in those with neuroendocrine differentiation than those without, and statistical significance was established for the groups with neurone specific enolase positivity (71 vs 58 years), and the group with two of three markers positive (77 vs 62 years). For the tumor nuclear grade, all but one groups with neuroendocrine differentiation showed higher proportion of lower nuclear grade than those without, with the group with two out of three markers positive reaching statistical significance (91 vs 59% showing low-nuclear grade). For the lymph node status, all groups with neuroendocrine differentiation showed higher proportion of cases without lymph node metastasis, and statistical significance was established for the group with neurone specific enolase positivity (96 vs 64% negative axilla). There was no difference between the tumor sizes and the intratumoral mucinous areas when comparing all the groups with neuroendocrine differentiation than those without.
For the estrogen receptor, there was no difference between those groups with or without variable neuroendocrine differentiation, even though both groups showed high expression, as in the entire series, only two cases did not show any estrogen receptor staining. For the progesterone receptor, there was a higher expression in all the groups with neuroendocrine differentiation, reaching statistical significance for the group expressing chromogranin (73 vs 43% expression of progesterone receptor). For cerbB2 oncoprotein, there was lower expression in all the groups with neuroendocrine differentiation than those without, reaching statistically significance in the group staining positive for neurone specific enolase (0 vs 21% positive for cerbB2).
Discussion
Neuroendocrine differentiation of mucinous carcinoma has been reported since 1980, 4 with the tumor being classified as type A (without neuroendocrine differentiation), type B (with neuroendocrine differentiation) and type AB, the intermediate form. The significance of neuroendocrine differentiation in mucinous carcinoma has not been well established. In the original description by Capella et al, 4 the only difference reported was the older age group of patients with mucinous carcinoma with neuroendocrine differentiation. In the literature, there are a few large series analyzing this phenomenon in mucinous carcinoma, and many authors concluded that there was no difference between mucinous carcinoma with or without neuroendocrine differentiation in terms of predictive value, growth patterns, and estrogen receptor status, 5, 7 while another recent series did not analyze these prognostic parameters. 8 The expression of neuroendocrine markers is not unique to mucinous carcinoma of the breast. This phenomenon has been described in other breast carcinomas, including ductal carcinoma in situ (termed endocrine ductal carcinoma in situ, 9 ); the small-cell undifferentiated carcinoma that resembles small-cell carcinoma or Merkel cell carcinoma; infiltrating lobular carcinoma; and low-grade insular ductal carcinoma. 10 Some of these lesions are low grade, and others are of intermediate to high grade. It thus appears that endocrine differentiation of breast carcinoma can occur in a heterogeneous manner. The so-called 'carcinoid' tumors of the breast, in particular, the mucinous variety 11, 12 may represent significant histologic overlap with pure type mucinous carcinoma with neuroendocrine differentiation, with reportedly favorable prognosis.
The criterion for diagnosing neuroendocrine differentiation in breast carcinomas was variable, although most authors based the diagnosis on immunohistochemistry. Some authors consider expression of chromogranin and synpatrophysin definitive, 10 and had commented on the 'nonspecific' nature of neurone-specific enolase, 10 and other authors used two out of three positivity. 9 In this study, the authors compared all possible combinations, and essentially the results were similar for using positivity of any one of the three neuroendocrine markers or any combinations of one, two or three out of the three markers as the diagnostic criteria. It is likely that with a larger series, statistical significance may be established in more of the relationships analyzed.
The evaluation of outcome of pure mucinous carcinoma is particularly difficult, as many patients are elderly, and as the tumor is of low grade, many patients may die of other unrelated causes. Any attempt to assess the outcome of mucinous carcinoma with or without neuroendocrine differentiation is by necessity hampered by the age of the patients. As evidenced in the current series, which is limited by the small number of patients involved and the relatively short follow-up period, the majority of the patients did not have any local regional recurrences or distant metastases, and of the three patients who died, two were due to unrelated causes. Hence, a more feasible way may be to assess the tumor nuclear grade and lymph node metastases, as these represent independent prognostic indicators.
In the current series, we found a difference in patients' age, with patients having mucinous carcinoma with neuroendocrine differentiation being older. For other morphologic parameters with prognostic implications, mucinous carcinoma with neuroendocrine differentiation showed higher proportion of lower tumor nuclear grade and lower incidence of lymph node metastases. Furthermore, this group showed higher expression of progesterone receptor and lower cerbB2 oncoprotein expression, but not for estrogen receptor. The increased proportion of tumor expressing progesterone receptor is of particular interest, as in a study on breast cancers in elderly patients over the age of 85 years, 13 there was actually significantly less proportion of tumor expressing progesterone receptor in this group of elderly patients. Hence, the observed increased progesterone receptor expression in the mucinous carcinoma with neuroendocrine differentiation may not be explained by the age difference alone. The underlying mechanism for this phenomenon remains elusive.
In this study, we demonstrated that a significant portion of pure mucinous carcinoma, known for having good prognosis, showed neuroendocrine differentiation. This subgroup was characterized by older patient age, and was associated with more favorable histologic and immunohistochemical parameters including lower tumor nuclear grade, lower incidence of axillary lymph node metastasis, and lower cerbB2 oncoprotein expression.
